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Linac-Ring Collider, LHeC and FCC-eh

Energy Recovering Linac
et beam: 60 GeV

Lint = 1-2 ab-1(1-2k x HERA!)

FCC CDR, Eur. Phys. J. C 79, no. 6, 474 (2019)

LHeC CDRs, arXiv:1206.2913, arXiv:2007.14491

operated synchronously

- with HL-LHC:
p beam: 7 TeV, +/s=1.3 TeV

- with HE-LHC:
p beam: 13.5 TeV, v/s=1.8 TeV

- or later with LE-FCC-hh:
p beam: 19 TeV, V/s=2.1 TeV

- or later with FCC-hh:
p beam: 50 TeV, v/s=3.5 TeV
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LHeC and FCC-eh Detector Layout
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SM Top Quark Production

CC DIS top production NC top photoproduction
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_ Ec=60 GeV
0=15.3pb @ [rFcc-eh o=1.14pb @ |FCC-eh

— future ep collider is ideal to study EWK interactions of
the top quark
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Signal and Backgrounds

Dutta, Goyal, Kumar, Mellado, Eur.

signal ET Z 25 GeV Phys. J. C75 (2015) no.12, 577 background
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— top quark factory (with low backgrounds)
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Direct Measurement of |Vip]

(Vud Vus Vub )
VCKM - vcd Vcs Vcb
\/td \/fS Vfb )
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Limits on Anomalous Wtb Couplings

= 1in SM iy W}
g — 10 qv L R -
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Limits on Anomalous Wtb Couplings

= 1 in SM L
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Direct Measurement of |Vip]

mcludmg top-quark mass uncertainty ATLAS+CMS Preliminary c September 2019
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Top Quark Polarisation

Atag, Sahin,

e \/ Ve PRD 73, 074001 (2006)
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Measurement of |Vid]
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Measurement of |Vis]
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CP Nature of Top-Higgs Coupling

L=- @f[KCOS ( +iyssindy]th
%

. Kumar
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. Mellado

parton level | phys. Lett. B770 (2017) 335
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CP Nature of Top-Higgs Coupling
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Exclusion Contours (fiducial cross section)
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Analysis of the tty Vertex
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Search for Anomalous tty Couplings
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Search for Anomalous ttZ Couplings

Bouzas, Larios,

ZZ b Physical Review D 88, 094007 (2013)
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Search for Anomalous ttZ Couplings
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Search for Anomalous FCNC tuy, tuZ Couplings

I. Cakir, Yilmaz, Denizli, Senol,

signal Karadeniz, 0. Cakir, Adv. High Energy J)
. Phys. 2017, 1572053 (2%17) S Z Qq th'l“/ fq ‘|‘hq’)’5)unu + h.c.
q=u,c
b-tagging
b
W+~ ~
i =u,c Y‘\\Z{q 50<M;;<100 GeV

Top Physics at LHeC and FCC-eh - Christian Schwanenberger - EF03 Heavy flavour and top 26



Search for Anomalous FCNC tuy Coupling
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Search for Anomalous FCNC tuy Coupling

I. Cakir, Yilmaz, Denizli, Senol,

Signal Karadeniz, O. Cakir, Adv. High Energy }»q—
. Phys. 2017, 1572053 (2%17) L=—g. Z qutauu(fq -I-hqu)qA,,w + h.c.
q=u,c
b-tagging
b 130<Mwb<190 GeV

. — test exotic models
u, C W+ v, q )
Y‘\\w,q} 50<M;j<100 GeV leading to FCNC

P » 3 LHeC CDR, arXiv: 2007.14491
DELPH ES 10 1 1 1 1 1 ] 1 1 1 BR t 1
2g an (t—qy)
%] - T StBwazt A= A=0.03 (t_’qZ)
d— O + T BwHza e
c F | e
G>J 500 — + Bz . LHeC
- o 10 | :
v 400 [ ++ . <
Z - + _I_ Cross sections: >
C ow=8.611 pb o - . -5
300 £ + 0u=0.074 ;l:b l ; <4-10
C i + 0z=0.617 pb ol :
200 :_ HL P 0t=0.415 pb o0
- -+
= 107 | 1<1-10-5
100 [
19 :I I ! : = -'.”!-.' = H - H ‘ H — H H H
N S S B T R R R R
P R e nousmeis W SN SN SRS WS SN S LHeC
C : m’."t’ ’MM“M“““&O“M 1 -6 I 1 I I L L s I
0 50 100 150 200 250 300 350 400 450 500 01X102 3X102 1x1 03 3x1 03
Mt [G EV]

Top Physics at LHeC and FCC-eh - Christian Schwanenberger - EF03 Heavy flavour and top 28 ((FCC )



Search for Anomalous FCNC tuy Coupling

I. Cakir, Yilmaz, Denizli, Senol,
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Search for Anomalous FCNC tuy Coupling

I. Cakir, Yilmaz, Denizli, Senol,
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Search for Anomalous FCNC tHu Coupling

Sun, Wang,
arXiv:1602.04670 [hep-ph]

ol

e p — Vet = vhd — vebbgd, q=u,c

L = Kyntuh + Keentch + he.c.
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Search for Anomalous FCNC tHu Coupling

Sun, Wang,
arXiv:1602.04670 [hep-ph]
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Search for Anomalous FCNC tHu Coupling

Sun, Wang,

arXiv:1602.04670 [hep-ph] baCkg Frou nd
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e parametrised assumed resolutions for electrons/photons, muons, jets and
unclustered energy using ATLAS values

e b-tag rate of 60%, c-jet fake rate of 10%, light-jet fake rate of 1%

e selections optimized for LHeC and FCC-ep scenarios (s/+(S+B))

e cut-based and MVA-based analyses
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Upper Limit on Br(t—2uH) in MVA analysis

Sun, Wan - .
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~2030's

FCNC Top Quark Couplings

22050's

LHeC
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all other processes are zero
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CC Top Production
NC Top Production
BSM Top Production
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e future ep collider has a rich analysis programme, in
particular for electroweak interactions of top quark

e single top quark factory: |Vi| (~1%)

e top quark couplings to bosons (Wtb, tty, ttZ, tH, FCNC)

e analyse top quark properties with high precision:
polarisation, charge, PDFs of tops, ..

e many stringent searches for new physics:

anomalous couplings, FCNC, CP violation in ttH, heavy top,
SUSY stops...

— DIS is competitive and complementary in performing
high precision measurements of top properties

— |large sensitivities to discover new physics!

— FCC-eh (2050+) sensitivities ~10 times better than
LheC (2030s) - maybe room for both if LINAC is reused
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Backup
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FCNC Top Quark Couplings

e t
95%CL upper limits ~ <—@ ATLAS <@ cMs Zly
» (1] JHEP 02 (2017) 079 [2] ATLAS-CONF-2018-049
ey o e oo [81JHEP 06 (2018) 102 [4]JHEP 04 (2016035 | |/ @ H
(5] EPJC 76 (2016) 55 (6] JHEP 02 (2017) 028 - c
Theory predictions [7] CMS-PAS-TOP-17-017 [8] JHEP 07 (2018) 176
from arXiv:1311.2028 (9] JHEP 07 (2017) 003
,,,,,,,,,,,, MSSM
s HL-LHC
s ILC/CLIC 250 GoV__
« @
A0 <® .
[2
|—e ©
B R 4 _____ «~e .
CLIC
r —. [4]
PP ]
R @
5
<o o HL-LHC
9 6
.. =€ T 7 -
Top FCNC Penguin \ 9 8]
c,u \\ 11 lllllll Ll ||||ﬁ_.| 1 llIII 1 |||||l|] 11 ||[|9!|l| g t q
10° 10° 10* _10° 102 10° p— b
Branching fraction |¢
L] - _1 W_ I_
— complementarity of colliders 10 ab '
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LHeC and FCC-eh Detector Layout

Solen oid

B Fwd

M‘fﬁ: Central
agneticgacker Bwd

Qlop;
‘o, Imgfgacker

Central Tracker

circular-elliptical beam pipe

4 layers Si-pixel D E L P H ES
5 layers Si-strixel

(see Table of Detector Dimensions/
Parameters in backup)
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Top Quark Parton Density Function

parton momentum fraction

—__cfns
massless

logQ?/GeV?

LHeC CDR, J.Phys. G39, 075001 (2012)

e-\/ Ve
six-flavour \NA/
variable number —

scheme for top
quark

ol

— LHeC offers new field of research for top quark PDF
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Top Quark Structure Function

Boroun, Phys. Lett. B744, 142 (2015) 100 >
N v Q°=100
. — -1 . 10 A 2_
Line=10 fb variable flavour A * Qz 1000
A A Q°=10000
number scheme 1 A
[ ] A
for top quark . A
0.1 [ A
[ J A
[ ] A
—_ [ ] A
/y :’; 0.01 v v o a
o v L A
[ J
1E-3 v v ®
v [ ]
v
1E-4 -
2 2 v
> t 1E-5 Q° < 4dmj
1E'6 I L | L | UL | AL | '
t 10 100 1000 10000 100000
Tt
g { 4m? Q? x
t V14 B\
< Tt = (1 + 2 ) - 2( )
Q Lo
0
Am?
t
x=u1xp(1 02 )

— LHeC opens up a new field of top quark PDFs
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Searches for RPV SUSY and stops

L-number violating terms

‘ Ly ‘ank X, 0€ DS D
R/—/

bilinear terms B-number violating terms
AL=1, 9 A couplmgs, 27 N\’ couplings 045k
" F LHeC, 1.0fb" :
0.40 F T { —— =0.03
" 0.35F € P 1y =0.01
e(p,) w(p,) ) .
- 025}
o ;
__<___ X 020F
=2 C
233 0.15 5
0.10
— 0.05}
d(pz) b(p4) 0 Z resrssru EPEPEPETEE BPEPEPEN
100 200 300 4~00 500 600 700
similar to leptoquark searches The lighter stop f, mass M (GeV)
with generation mixing — very promising with high luminosity

— RPV can be probed at unprecedented levels
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Upper Limit on Br(t—2uH) in MVA analysis

Sun, Wan - .
- 7Teva60Gev@LHeC o %iv-1605.04670 heopn] |PArametrisation
84ye=5% LHeC | | . arXiv: . [hep-ph]
-_—20

HL-LHC
LHC, 3000 fb~'@14TeV

I <0.0015
e 20 (lab-1)

Br(t—uh)

— 100 500 500 400 500 600 700 800 600 7000
L[fo™
1072
[ 50TeV®60GeV@FCCeh - 5o
L e FCC-eh| | 5 HL-LHC
—_—20
¢ « LHC, 3000 fb~'@14TeV

Br(t—uh)

20
< <0.0002 (2ab-y
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FCNC Branching Ratios at Colliders

ATLAS+CMS Preliminary September 2018
LHCtopWG
BR(tﬁ Hu) Each limit assumes that all other processes are zero BR(tﬁ 'YU)

s F HERKR 1 ' B 1}
T 107k LEP 11
& 102k TEVATRON \ 15
107 E
107%E E
:HH+|—|—|+I-H+H:
10°° 3
10 .
10 E
> £ 95%CL 12
L 107 il
C i i
m E 1 |||||||| 1 IIIIlIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 |||||§ m
107" 102 102 10* 10° 10° 10* 102 102 10
BR(t— Hu) BR(t— yu)
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FCNC Branching Ratios at Colliders

ATLAS+CMS Preliminary September 2018
LHCtopWG
BR(tﬁ Hu) Each limit assumes that all other processes are zero BR(tﬁ 'YU)
s F L HERR Y ' )
[ LEP 1 __
_.\I/ 10 1‘ : I %_.\I/
&5 102k TEVATRON : \ 15
cut-based E ' ' ]
10°F 1 ! 3
: 1 1 3
LHeC 10—4 _§
107 -
:HH+|—|—|+I-H+EI
107 —
1074 . : :
| . :
10°F : i g
E 1 1 é
S 10 1 1 1S
2 | 95% CL 1 ;2
T 10k : ! £
T ; i . 1
m £ 1 e vl v vl deesad 3 0O
107" 1072 1:)‘3 10* 10° 1(5‘5 10* 10° 102 107
Ec=60 GeV BR(t— Hu) : : BR(t— yu)
-1
1000 fb MVA LHeC |; | LHeC cut-based
1 |
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FCNC Branching Ratios at Colliders

ATLAS+CMS Preliminary September 2018
LHCtopWG
BR(tﬁ Hu) Each limit assumes that all other processes are zero BR(tﬁ 'YU)
s F "HERA i ' B 1}
1L 1 LEPs 1 ]
4\1, 10 15 1 1 T 4\1,
&5 102k TEVATHON : \ _ég
cut-based : L ' -
107 ! E
2 . E
LHeC 10—4 E
--------1-0_-55 ------ ----t_f
FCC :HH+|—|—|+I-H+EI
-eh
10°° 3
107 : £ 1 3
E 1 1 : ]
_ 1 1
10 3__ 1 1 1 ]
I i 1
g 10770 o 1 1 1 3 g
g 1 1 1 E
S oL 9s%CL ' ik
T Pt i : i
m £ 1 = . O T I P I I [+ 0
10" 1072 1:)‘3 1¢4 10° 1(5‘5 10* 102 102 10"
Ec=60 GeV BRI HY v v BR(t— yu)
1000 fb-? MVA LHeC |! ! fiﬁ i 1| LHeC cut-based
2000 fb_l I I 1 (]
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FCNC Branching Ratios at Colliders

ATLAS+CMS Preliminary September 2018
LHCtopWG -
. pBR(t—) Hu)  Each limit assumes that all other processes are zero  BR(t— YU)A ® Improve
§ iHLEEF;IR i § limits on
107'E ' . =
= E ] ] i 1= —_
& 102k TEVATHON : \ 15 BR(t YU),
cut-based _35 ' ' : _ BR(t_’ZU),
o n " |BR(t—Hu)
LHeC 1074k - -
---------- ----= |considerably
S [ I |
FCC {1
-eh ]
10 —
of 1 i |
=108 1 : i — test SUSY,
1ol . 5 i1 little Higgs,
s o oot . %= technicolor..
107" 1072 1:)‘3 1¢4 107° : 1(5‘5 10* 10° 102 10
Ec=60 GeV BR(t— Hu) I : : BR(t— yu)
1000 fb-1 MVA tHeC [+ !|"SH[1 [ LHec | cut-based
2000 fb_l I 1 = 1 ]

Top Physics at LHeC and FCC-eh - Christian Schwanenberger - EF03 Heavy flavour and top 48 ((FCC D)



Energy Recovering Linac

Energy Recovering linac (ERL): E<.=60 GeV

Injector

Recombiner 38

F Compensation Linacl 1008m RF Compensa
+ Doglegs + Doglegs
+ Matching 96m + Matching 120m

Spreader 38m

P
Arcl,3,5 3142m Arc2,4,6 3142m
Contributions to cost
. Dump
Recombl.ner 38m Bypass 1
+ Matching 20m  Spreader 38m ’ 0.8
Linac2 1008m IP Line 196m 0
8-9 km E 0.6 “>=Tunnel
> 0.4 =Linac
.. P Magnet
e power limit: 100 MW £ 02 E
i tv: 34 -2 ¢c-1 0 r&T%
e luminosity: 1034cm-2s 5 30 45 60 7S
o —
factor of 15/120 (LHeC/FCC-eh) M. Klein. F. Zimmermann
extenSion Of QZ, 1/X reaCh Initial, tentative, rough scaling estimate of

basic cost (tunnel, linac (XFEL), magnets
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owerful for Experiments ( )

in Orsay

2 Linacs (Four 5-Cell 801.58 MHz SC cavities)

3 turns (160 MeV/turn) e BINP
Max. beam energy 500 MeV at 20mA - 10 MW .3 e CERN
e e Daresbury/Liverpool

e bl * Jlab
0\]\8\1 BT Lt O
e ” 2\ 7 © >3y

— CDR 1705.08783
[J. Phys G]
— TDR in 2019

injector 7 MeV  \‘"

cf Walid Kaabi at Amsterdam FCC

— ERL demonstrator
gll\‘IRIYH —) 0(10 MeV) thSics
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LHeC Detector Layout

[arXiv:1802.04317]

- 522

= (Cross section with MadGraphb
= tree-level Feynman diagrams using p-
of scattered quark as scale for ep ‘ |
processes e e e N .
= Fragmentation & hadronisation uses |
ep-customised Pythia.

<+ 328

DELPHES Fast Detector Simulation
» ‘Standard’ GPD LHC-detectors
+ Optimising vertex resolution ala  irefaDiamete ectisxom HeLicUs xdoa) rece 1oxi2
ATLAS IBL of ~ 5 pm
= ATLAS b-tagging efficiencies
= Using state-of-the art hadronic

LHeC Detector

C R

_ Electrons In|<4.7
and el.mag. Resolutions
» Considering displaced vertices and  Muons Inl<4.7
iImpact parameter distributions Jets In|<5
b-tagging In|<3.5

Slide: M. Schott
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CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado, 100 fb_l:

arXiv:1307.1688 [hep-ph] Vs (TeV) 2105 events
3-105 events

100 | 1.18 1.67 2.05 2.37 2.65 2.90§

102‘

80% Pol. s
Unpol. —

0.1

0.01 L—- - ' ' - '
50 100 150 200 250 300

— LHeC offers excellent prospects for top quark physics
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CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado, 100 fb_l:

arXiv:1307.1688 [hep-ph] Vs (TeV) 2-6-10> events
3-10-10> events

100 I8 167 205 237 265 290

i 10pb j
10 | 3pb
—~ e 4 6pb ‘
= A 2pb ! _
: ! N P : 80% PO, s =
: : Unpol. ———
0.1}
160 GeV 1140 GeV
0.01 —- - ' . | |
50 100 150 200 250 300
E, (GeV)

— LHeC offers excellent prospects for top quark physics
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CC Single Top Quark

Cross Section

Dutta, Goyal, Kumar, Mellado,

arXiv:1307.1688 [hep-ph] L W- .
Vs (TeV) oy <_;
b ¢ b
100 ¢ 1,18 1.67 2,05 2,37 2,65 2:905 P
10
)
& | T
© - o e e e Ve
[ Pt Unpol. ——— \/ -
-7 Hadronic 2—2 wweeeeeeeees s W< 7
0.1 Hadronic 2—3 ===~~~ E Y T 5
Leptonic 2—2 =========== b
Leptonic 2—53 ===i===
0.01 1 1 | 1 1 1 . Ve
50 100 150 200 250 300 T~ <"
E, (GeV) " v
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Backgrounds: Hadronic Channel

No. Background prp >20GeV  Adg; >04 |my,;, —mw| < 22GeV Oeff.
Process ;| < 5,|m| <25 Adg,>04
AR;,;; > 04
Er > 25

1 e p— v.W b 7.5x 107 6.8 x 107 4.5x 107 2.7x 107

without anti-top line
2 e p— Vejij 4.2 x 10° 3.6 x 10" 2.4 x 10° 7.2 x 1072
3 e p — Vi 1.5 x 10" 1.2 x 10" 8.6 x 107! 8.6 x 10

& e p— v.tjj
4 e P — VeCCj 5.8 x 1072 5.0 x 1072 3.2x 1072 6.7 x 107
5 e p — v.bbj 2.5 x 102 2.2 x 102 5.6 x 103 1.3x10°°
6 e p— e 2.5 x 1072 2.2 x 10°° 1.5 x 1072 1.5 x 107*
(c—=>W~s
Event Selection | pr;, > 20 GeV  Ady; > 0.4 |m;,;, —mw|<22GeV  Fiducial S/VS+B
;| < 5,|me| <2.5 Adgy > 0.4 Efficiency
AR,y > 0.4
Br > 25
SM 3.2 x 10* 2.3 x 10* 2.2 x 10* 66.7 % -

SM+3>". Bkg; 6.5 x 10* 5.0 x 10* 4.0 x 10* 61.5 %
|Vis| Aff = .5 7.3 x 10* 5.0 x 10* 5.0 x 10* 68.0 % 1.92

fR=5 4.6 x 10* 3.2 x 10* 3.2 x 10* 69.7 % 1.43

fr=.5 4.9 x 10* 3.6 x 10* 3.6 x 10* 73.2 % 1.55

¥ = —.5 3.4 x 10* 2.3 x 10* 2.3 x 10* 69.6 % 1.40

fR=>5 5.7 x 10* 4.1 x 10* 4.1 x 10* 72.3 % 1.69
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Backgrounds: Leptonic Channel

No. | Background prjp. = 20 GeV, AR, ,,; > 0.4, Br > 25 Ady; > 0.4 Oef.
Process In;i| = 5, |nea| = 2.5 Adg, > 04
Adg, > 0.4
1 e p— 1l D) 1.5 x 107! 1.4 x 1071 1.4 x 107°
e p— e 6.6 x 107° 6.1 x 1073 6.1 x 1074
& e p—l et
3 | ep—=l b 3.6 x10°° 3.2x 103 1.9x 107
& e p— 1l b
Without top line
4 | epoel e 1.5 x 102 6.9 x 103 6.9 x 10~*
5 | ep—ael g 1.2x 107! 5.5 x 1072 5.5 x 107%
Event Selection pr;, > 20 GeV Adg ; > 04 Fiducial S//S+ B
In;| < 5,|m| <2.5 Ady, > 0.4 Efficiency
AR,/ =04 Adg,; > 0.4
Er > 25
SM 1.2 x 10* 1.1 x 10* 92.0 % -
SM+3", Bkg, 1.3 x 10* 1.2 x 10* 92.0 % -
V| AfE =5 4.5 x 10* 2.5 x 10% 92.6 % 1.55
ff=15 2.8 x 10* 1.6 x 10* 94.1 % 1.23
y=.5 3.1 x 10* 1.7 x 10* 89.5 % 1.27
L =_5 1.8 x 10* 1.0 x 104 90.9 % 0.95
fR=>5 3.6 x 10* 2.0 x 10* 90.9 % 1.38
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Direct Measurement of |Vip]

AlVw|-1000 AB: luminosity uncertainty

Pao — Leptonic ======== i

0.2 e AB=.10 Hegronio «seeeesees

~~~~ Leptonic + Hadronic e
SOL e, e |

50 | """‘“““""':':.:"..:':':':':'":'"T':','fl.:;-:-;f..!;;,;::....,:_._'_ --------------------
P Luminosity in fb!

25.4 ., AB = .05 )
25.2 P, e 4

-
''''''''
g, tea, b T
Ty LY -
,,,,,,,,,,,,,,,,
............
"

25

VCKM - Vcd Vcs Vcb

V Vie V, 7 - ;
k td tS tb } ey
Q..
’~,. AB= 01
..~
6 fr e -
..................
5 | “',.'.”“'“'"":'.".".'"".".'""."""'1-"1:-MTA.-!:II::;;.G:::&::;:5‘:-----....-__

10° 10} 102
Luminosity in fb™!

SeRier 1300 1638 (nemon] " 100 fb-1: A|Vw|=0.005
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Search for Anomalous Wtbh Couplings

8 _
] L=- Ebyu‘/tb@L-l-fVRPR)tW,u
= 1in SM ’ 3

ey
- B I A (£l 4 RPN W, +he.

20 M,
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Search for Anomalous Wtbh Couplings

=1in SM

g ~io"q, ' _
_\/Eb M, @LR)IWM+h.c.
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Search for Anomalous Wtbh Couplings

— B Dutta, Goyal, Kumar,
L=—%b}’i¥b@L R)th Mellado, arXiv:1307.1688
= 1 in SM L
| e _ g yio*g, S - ve
€ \/V J \/Eb MW @L R)th +h.C. € \/ )
\“‘ W- " ‘<J “\‘\W- W < _

R Line=100 fb-1 :

t b
P P
0.18 T T T 0_07 T T T T T T T
0.16 | §R= SM top+bckg. B2 B2 4. frt=+0.5
I N 0.06 e I
B 0.4+ 405 L —1—= frL=-0.5 | SM top+bckg. : =
af 0.12 o ) T :TE 0.05 r . f’ 5 ‘ 7
8 o1 L [ R ! | ;g_ '- 2 =
3 P 0.04 ; i .
9 0.08 ot ¥ ke :
:b 0.06 Eb./ 0.03 : S S & -
0.04 | S S
| 0.02 :
0.02 =
() == 2 2o 0.01 £ g ;‘é X ;
-1 -0.5 0 0.5 1 /8 w4  3n/8 w2 S5n/8 3m/4 Tn/8 T
Ccos ijl A mis]

+ other variables sensitive on W helicity
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Search for Anomalous Wtbh Couplings

— B Dutta, Goyal, Kumar,
L= —%bV%@L R)tW,u Mellado, arXiv:1307.1688
=1 in SM M
—io" _
e'\/ve _\/gzbquv@LR)tWﬂ +h.c.
- ~ o
W wl v 68% C.L.
T [ property |  precision |
" fuL 0.001-0.01
fuvR, frL, f1R 0.01-0.1
SYSt. error syst. error
2
15 L
Q! i
v 05| I
e | '
05 r L
< Ll -
-15 +
-2

L L . L . L 1 . L -1

-5 -1 05 0 05 1 15 2 25 -2

Afy--100
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Search for Anomalous Wtbh Couplings

| L=—%E}/”th : Y ) IV, 68% C.L.
=1in SM .

(on
|
ol

05

S . 05 | ]
- 05  PRXRLK B — 0t 4 —~
P L X 1 =S )
= : LEREIIEIIEIINCK — —
ISR S L i
Do ssessss s Ot %
X ERINNANIKD X
0‘0.4 RIIIBIIANL
-t L RS20 i I o
0 SRR X
BRI
LIRS ~ L i
LSRRI S, . 05 F i
RIS -
LR IRILELILLIILS, .
LSO
0.0, RN
05 L RRXRRXRAS _
: R 1t i

-15 . i L L L L _15 L L L L ! L L I L 2
2 -1.5 -1 -0.5 0 0.5 1 1. 2 -15 -1 05 0 05 1 15 2 25 4 -35 3 25 -2 -15 -1 05 0 05 1 15

IVl A £y x 10 IVl A £} % 107 IVl A £ x 107
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Search for Anomalous Wtbh Couplings

8 - ) -
| L-—Fbr @ ),
= 1in SM e
g —i0"q : _
-—==b V@ W™+ hec.
\/5 M, L R) u
1._
frR |
0.8 T
0-6:— LHC combination preliminary VL=1,VR=0
C \s=7TeV, L =35pb™'-2.2fb"
04 " B ss cL
0.2 95% CL
p - 0:_ * SM
0.2 ‘ ‘
_0_-%.4 | | | | | | |
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Search for Anomalous Wtbh Couplings

L= G @ A

5D D
e-\/ve | \/Eb M, i R)tWM +h.c.
Wwow T

b t b fR |
8- T
" 0.8
0-6:— LHC combination preliminary Vi =1,V_=0
- \s=7TeV, L =35pb*-22fb"
0.4} i B ss> cL
B 4)
021" | HeC (sys. err. 1%), 100 fb-1! 95% CL
0:_ l * SM
0.2
_l lllllllllllllllllllllllllllllllllllll
V%2 03 02 -0d 0 01 02 03 04

frL
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Gluon Parton Density Function

— measure gluon density at high x
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Top Quark Structure Function

Boroun, Phys. Lett. B744, 142 (2015)
~tt t
variable flavour (Tt) aFQ (Tt) 1 — R (Tt)]
number scheme /
for top quark
100 4
] N v Q’=100 v Q'=100GeV’, ® Q’=1000Ge\’, & Q*=10000 GeV’
10 = 2_ i
“ A * Q=1000 . A A A A A A A A A A A a
. s A Q’=10000 G 0024
3 ° A @ 1
] ° A 0.00 - ¢ * % % OFT OFT OS'F OS O$ 9
0.1 - ) A R
3 L] NTTTT [RTIT T RUITT T [ITET T [WNTT T [URTTT JUATTT [ETTT RITT T EITTT [T T QT T Ty
; ® A 1E-3 1E4 1E-5 1E-6 1E-7 1E-8 1E-9 1E-10 1E-11 1E-12 1E-13 1E-14 1E-15 1E-16
= 0.01 v ° 4 X
~ v [ A
ILN i M * 4 0.03
1E'31§ vv ‘. g A A A A A A A A A A A a
; v ° 0.02 -
1E-4 Vo, 0011
2 2 v o ] e o o o o o o o o o o
1E5 Q < 4mt = 0.00-‘ e Y vV ¥V Y Y VY VvV VY vV
0011 above @
1E-6 ————rrrrrr———r 0.02 e —
10 100 1000 10000 100000 10 100 1000 10000 100000
Tt Tt
— approximately: 1/1¢ — independent of x and T

— longitudinal top structure function component could be
good to probe top quark density in proton at Q2=4m+?
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NC Top Quark Production

Bouzas, Larios,
Physical Review D 88, 094007 (2013)

top pair production

single top
production

DIS photoproduction photoproduction

s’ % . t
t, t t %’ li /
J f'Z)'UZSJ & 7 ’GTD‘] — 1 T %L

W-

e-beam 60 GeV, 100 fb-1:

0.023 pb 0.70 pb 0.031 pb
Nw=2,300 N«=70,000 N:=3,100
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Search for Anomalous tty Couplings

tty —

(Qtfy”A + %O‘MVF J(K+ z'/?c’yg,)) t
%—% my
K!

electrlc dlpole moment: K
g .

1} B — Xsv

LHeC: | L

0+ 1
10% and 18% accuracy
v ~ LHC with™__
T 27% accuracy ., Sracquracy |, |, |
4 (4.59fb-1, 7 TeV) 2 -1 0 1 g
Bouzas, Larios, magnetic dipole moment: k
Physical Review D 88, 094007 (2013)
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Top Quark Dimension 6 Operators

A2£'4f = CI(DL'YMtLBL'YueL + h-c-) + [C2T7L€RBRtL + C3BL€R77LtR + C4I7L6RBLtR + h.c.]

e’L\SM/ Ve C1 0.50-0.85
LW w.. < ! Car 2.2-5.0
\ e ]
X x - Csr 1.4-2.9
b Cyr 2.2-4.9
°L,R experimental error
Sarmiento-Alvarado, o
B , Larios, = 15% . . 68% C.L.
sovas, wocion ™ anG) o\ 7 At pry 98% CF
P — 0 G | (a) Lo Lol ©
PC — 0.4 2.1 " 2.t
Pe:O.7 0.1 0f 0.7
2.t -1y 2.t
2.}
4. .|
cross section -1 o5 o o5 s 0 05 1. O T 05 0. 05 1. ¢
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FCNC Top Couplings at Colliders

Top Quark Working Group o
Collaboration, 1 95 A) C-L-

arXiv:1311.2028 [hep-ph]
10" Y 241, 7 Tev W%
= 5fb1,7TeV +
~ 20fb1,8TeV :

/
|

- 1 1 | I | IIIII 1 | I | IIIII
1073
107 1072 10"
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Reconstructed Higgs mass

yll

B cp-v.t-v.hg—v bbgg=uc
- - == ep-v,(t—(w-j)b)
—m e p—v,(z—bb)j
e’ p—>v,(h—bb)j
s ep-ejj
------------- e PV,

1/cdo/dm
o
o
IIIIIIIIIIIIIIIIII

ET N
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Reconstructed top quark mass

0.25

B cp-v.i-v.hg-y bbg,g=uc
- - - ep-ovtaw
~= ep-V(z—bb

Illllllllllll
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Direct Measurement of |Vip]

! including top-quark mass uncertainty
Giheo: NLO PDF4LHC11
NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty

Ve

Vekm =

Top Physics at LHeC and FCC-eh

i 5
ATLAS+CMS Preliminary |t v, |- =2 from single top quark production May 2018
LHCtopWG theo
Oipeo: NLO+NNLL MSTW2008nnlo
PRD 83 (2011) 091503, PRD 82 (2010) 054018,
PRD 81 §2o1o; 054028 f—f—
total theo

AGy .- Scale ® PDF
My, = 172.5 GeV

t-channel:

ATLAS 7 TeV' 1
PRD 90 (2014) 112006 (4.59 fb™)
ATLAS 8 TeV'” .

EPJC 77 (2017) 531 (20.2fb™")
CMS 7 TeV ;
JHEP 12 (2012) 035 (1.17-1.56 fb™')

CMS 8 TeV 1
JHEP 06 (2014) 090 (19.7 fb™")

CMS combination 7+8 TeV
JHEP 06 (2014) 090

CMS 13 TeV?
PLB 772 (2017) 752 (2.3fb™")

ATLAS 13 TeV?®
JHEP 04 (2017) 086 (3.2 fb™")

Wi:

-

ATLAS 7 TeV 1 | .
PLB 716 (2012) 142 (2.05fb™")

CMS 7 TeV .
PRL 110 (2013) 022003 (4.9 fb™")
ATLAS 8 TeV ™

JHEP 01 (2016) 064 (20.3 fb™")

CMS 8 TeV' 1

PRL 112 (2014) 231802 (12.2fb™")

LHC combination 8 TeV thctopwa
ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019

ATLAS 13 TeV? 1 —t
EPJC 78 (2018) 186 (3.2fb™")

s-channel: :
ATLAS 8 TeV® [ —r— !

PLB 756 (2016) 228 (20.3 fb™")
LHeC

100 fb-1

[f.yVpl = (meas) * (theo)

1.02+0.06 + 0.02
1.028 + 0.042 + 0.024
1.020 £ 0.046 £ 0.017
0.979+0.045 +0.016
0.998 +0.038 + 0.016
1.05+0.07 £0.02
1.07 £0.09 £ 0.02

1.03727°+0.03

+0.16 +0.03
1.01 -0.13 - 0.04

1.01£0.10+£0.03
1.03+0.12+0.04

1.02 £ 0.08 +0.04
1.14+0.24 £ 0.04

+0.18
0.93 7010 +0.04

1.000+0.01
_(expected)

- Christian Schwanenberger -

0.4 0.6 0.8 1

1.4

1.6 1.8
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Upper Limit on Br(t—2uH) in MVA analysis

Sun, Wang,
arXiv:1602.04670 [hep-ph]

parametrisation

1072
- 50TeV®60GeV@FCCeh |FCC-eh "1uEg
~ 6sys=5°/°
P UL 30
' ) HL-LHC
s —c0o
o <«
LHC, 3000 fb~'@14TeV

20
<
<0.0002
107 500500400500 600700 8006001000 (2ab-1)

L[fb"] — improves HL-LHC sensitivity
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